In this work, we model the dynamics of the fast-slow optical modulation of blue/green fluorescence by means of a master rate equation. This is a reasonable approximation when discussing statistical measurements such as those reported here. We consider three energy levels (1, 2 and 3) as shown in Model 1. The population (N1, N2 and N3) of these levels are assumed to be spin-averaged.
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Fast optical modulation
For the fast optical modulation, we built the energy model shown in Model 1a. The dynamics of the system can be ruled by the master rate equation: Where ω21 and ω31 are intrinsic decay rates, whereas ω12 and ω23 are excitation rates assumed to be proportional to the GSA wavelength laser (IG) and ESA wavelength laser (IE) intensities, respectively; with proportionality constants α and β, expressed in units of the natural decay rate ω31. The steady-state solution of Eq. (1)- (4) 
Where η is the collection efficiency of the detector, and
Slow optical modulation
For the slow optical modulation, we built the energy model shown in Model 1b.
The dynamics of the system can be ruled by the master equation: 
Where A denotes the laser input power, B presents the laser output power passing through the GCs sample, l is the GCs sample thickness. As two wavelengths lasers are involved in our pumping strategy for fast-slow optical modulation, we measured the optical losses at 800 and 1064 nm for Tm 3+ single-doped GCs, and that at 850 and 1530 for Er 3+ single-doped GCs, which are summarized in Table S1 . From the results of the measured optical losses we can clearly observed that, the GCs at the laser used for GSA has higher optical loss in comparison with that for ESA.
